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Sliest? reteil to or© eeuhfmeit viiti £wira£t£3ciit® of .Ibo 
reteit-Sul ehi^ iaaei tor ills ofe&io nifntmm* v  I fhe
w l o o f t y  &£ i l i m i  C i f ;  > *  } •  I f t  !m&
h o r n  mmm %tf t % i l i »  e t K l  l i t  c m  ( 13, I k \ \$ f iL , ) %l&& t f c i w
2M:tim&. i:iw«s re-producible revo lt©  v i i t i  detomiasu^ien©
i m  io ta ii imidl© tg r evMi IocmI { 11 # } *  t h e
c&&cvs3U*te& temi© ihlsoit^ taa for et^ tssrmftea vr©
ea 1 4^.e-J viih thoot fw vtlies*
Use ctoiee ctf' €mtmxm¥%m m mild ilfeeo ©Eel© elier 
© v t r f u l  ecs‘a ic i# it i . t i< m  o f  |-e e e i1 4 e  r fr& © r lE ll& *  th is  vo lS cI 
©Sioeis laust loom tm cfivsijo of its man duo to pivforcritihl
teleee# of Shoo of one e%i]v lera/
eceaeifoeeu lauaelalfl© £on tkm i>ue|mm  wmQx$ tio e l iec&xdquok*
oov cftei iter too ©entitle for mmdaativiiy %/mt* turtle r? 
it vnn litohlh dEeiroMo ili&t tlie veXM vouli 'niimUmd 
t«1 el . :*t a 11", * o£ -cid® to aivltv Hv rt-.iJLi o2e-^ 4ri;; to 
he effected* liexmiiul mh&t&vjezw? vaeh im ;:mt£dte zmd 
twilvtor ver# £m.mi to ho c^vi^ vetiect voter* hltrafirl daet 
vea tlieoroticraai.^  i# 4 t hut
Cl^ ahosariiltaa vvy fomid to t?o ve^ rjJfvhXe* It  tiea the
e ; - j .T ;J  o o t  o f  i v o u . ^  t r e l l o d t m ^  e l & e i r e h l m t  f  ©  v s r h  t $ r  i l t m  ( 1 1  } #  
2 tu  o i l , f i t  a iu ^ O m ^ t to e e t f  i * o *  t i t #  tc ioskncgr o f  f i ts ©  p o r t ic l© ©  
ro t to  ho w t ie l  tnr y ^ ie r , &r&l l ie  Dusaeeptit4 X fty  to
;..tt<ul: !;r‘ le>t cc ta e i^ tr^ t ea vert? c t^ iily
1a .
ca to a a .
S'
T i m  e t io la te d  m  & cImos c v l t  (Im v la a i
t o  odudlUdM-i^ tliC;- tMMtmooictoj paid ic a ld  iddoeoa.0 
eoiotioo;« x it tm i villi & i^ air et (!,.* t^ odeo to
t!io od fd;e CMltoitoii* * i i I  thoooMSdat* ioni
m i.m: lotv-aioG MoaMviIxxM eld'oult* .:.' - | ".'.".V; \  -
:d;Io; deoirsi ot tde mill \&»& lodlueneeil ty tde 
OcOlI.t'-viorj x:<?i^Et^s*' ?
i s  % m ^ i t  o r  v , i v  e o lu % i i m  ut>ovo t h ®  cdoMtamloo tn c ;t
• -m  :
• ; - -
Ihi eDBijtto'tt# to  ijxmiii - m o ta t ic iis  iri too?
o o l l  # ; : - ; !
Ill V .ii i ; s,< t*,; r;,o; lie m iSSitr&mtXf tfol&fet to 
Mid . wl t"^  M ‘ ’ M l  C J M to e ^ o p l^ to ly  G C f & S l i ' b ' i & t Q  
U r n  ocdtid oso4 2ip a id *
TX1) Xi m ist 1?o X'^doallo to  ilimdoxtXe tdo Mrotuio
oo Imx v& %$ eddoet 1diorou|p!i QXmnstlug*
i
ilm  g&2% 'atool io  tikmjix in  24 imo udlo od
"*C /f ? ~ / 1m 1 tM O j* It
o-M,s-;.,t,,d c.u t-, <■’ M vo t ilo -c o .; :-  o t j  1 i'.z,rii-* U l id s  
£..»’: * - 11^ exxdMMmdooi m d liq u id  t-mxfi txcnxdot la te  
cKmii dloriMo m d f otioti th e  €oa1oo:amd '^;i ln-dl t o t i l e a  too  
eteax LorjCMmtout l io i i id  mai o lca ti cm^x I f , /  liitrcopxii 
Mpplieu dt d ttoOBpM tliO ©CMteOXCtiCOi B fcit© ilto IXmSJCM
• 1- * d:< t: x did dr. p* & 11b# eicJm t mi Xlm ctim®* mid
iiix? G%yui:..:.cttvitis dotcoxilned«, ilio  l i m i e  ^ctooned
tv/ Mltro:;ioi uooMiMire t.'A Milc>4 a t Cd Hie tabt d;
FIG. I
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lit two Mm mm tmeci mi
TOotfeesr n e t  corsmrim&igs mm j i r e e e n t  i s  t l i©  e e l2.*
* * t - 1 . ~ *1 . j» i r t  1 t e c  t ^ijcJ too, \r t  t o  ceaicmoTOro
s.c: - TO veiTOfit? iseluttom * Mm vextt of hr&Mt
.: y
jla iim T O  0  m i laayniol 1  t o
z '*'
i f o r  nee tli© e o ll  w© iTOsTOetl to  si &t€*at l::o, o fn s  «. *
v # ll  &M'lXlt. d %o Aim; ciroulntie?* of t t e  ifenoT O nt
; ~ .1 <v ..0 1- O'* /
o i l *  . * to to  I * . re  ^ > v A i  w rw  iTOo C f l l  TOO
- '■•■' ; i ”"--.. /  --T :;' ■
e ra lT O ij tT O r 'f f  to  te ;c r e 'm e  c /J tllfX irtim  l i t
: 0  O  r- '
lei q I*oTO c J to to  o i l  f i l l  oil tltomTOtiTO e l l  lo iiie  used 
l /  ' ■
t#  lainiaiTO CTOTOitTOO© $TOeoti§« f i t ie c l  v l t l i  e> xwrmrj
* i  ’
tTOimst ssptokl rfg a le ie r#  TOi Tdc le ;t n :ir#  te lw *  heuted 
1;tf & 3/^ 0 w it ;e. /© l i  V t»x3TO ■ lie i . ..tux© uto tot
using :5TO:toto tliTOreroTOr*
: _ \  O U;_ -
im  TOt%TO e a i l i i m t o l  > •. '
1 Tim TmttAimm TOtrortoj oitmit tos & siKxUfltd -tfo%vi
cc£ u T O i ie tmMim XerM go# A m m  3m  r % # d *
; . ©' 1 
lit© tuM ge ty to  %f*# 1 T i m m  ta T O  *«n& &el & to t& X  TOfcfetTOco
,;TO:': 0:0 ,,: •' ..
mi t  TOte* la c li mi. \mm to  it 100 com 1 n u tt  .u ire
%mmd nTOlo i’cstf tt.-re  *9 toTOf ®& in  tm reffln  wwzptn a  lenz
yl4©is tul?e "Isftcrce-a iretlse ttesx^ e-t&t. Itis? fogttatol ^liio
of Mm. troeiotTOOcoa ymu dotemlBCtls c^ itl t,Swfte0 aoal ImM
■- ‘ •:•*
S T O n tle e l b lu e ts '*  . '■ ,-■“”
- y
: r
CtMVUmt mm smeo m% tlic  t i i o t  1:.^  a i i i i t l l e
i i i t r o a  tr i it?  ramiuy^^ catn?# I l t i 0 © © it^-ttea
o f tiic? v ir®  to  t 7 d l l  not cmio« w en*
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to© v lr#  m s  he ld ' tmx% tsy m. m r m  -Mm e&clXX&te?
m i d e f voce ecm M aei s© o s c i l la t o r ,  .■ , . , :
d e tc c te *  t y j ie  ?GS* -toXxe-.eecillifctor f r t i a m o j  3l t §00 
fix#  d tie c r to ir  isseeypcrated-m - m s p l t t t m $: r e c t i f i e r  «md 
a l l l J U i  t?»m te*v th e  la ttea? :.«Jhowi3a^- sero , & ® £ X % z l m  y & ® n  
th e  teS 4s t vw s . l 3€ lm a M *  to rm r is io t i y m  m S m  t m  t l m - u m  
Qf' t o t  to #  £mmm? mmmammA. ipwe ct&$i«
l*rom - th e ' o s c i l la to r  w ,  m*&® in- 
®€fw®j'Bd f l e ^ y . te  tho;. detwfc&r.. in  ©capeeaaed. tv in  Slim* &&& 
&XI o ilie r  in  h®m&* c?i&ge copper v ixe * Mm
xm lu M m m  *diteh,-me sjusggXeeted* -ComecttcaaB Iras* .too 
electrodes--vere rtatsr-. -topped copper vir© lead©
' dtrq)$.m ts ii0  tsereiiiy mspn i&mxmd in  th e  thexnosta tf to  
mmid ;toer&eele«t3r.la I to to *  :-totjo* oo im ectto i ,X’;sra one 
■%m :<£m tm im m a®  wm rim  c c ^ c ^  lta d s  d ipp ing in to
Bierciui^f .-eapis;» so ilia i - toe  r  ©slrtstito© could easily . t?e 
to o r ie d  out 1^  t l if  is s tt t ic t t i  0f  la n P  ©taped. pieceoX .
■ copper v lre  .in to  the  tamomw caps* .• ,  ^
e--'.:^; & w rtuh ie.-w paelte© ».w ith  a* eentinueus t*m&$ ©p to  
' ' t o 'i tm a  ceasneetcd in  . p r m e l .  w ith to e  re tis to a e o  t?mc to  
fcsl^iee. to e . c^paciifc^e© e£ :tfco. m il* .; *iim laxge zmM ms ' 
mixm: -m s ms- Xm%-m. z j r wm^m to  { 0 0 0  S ection  5)
%cre muM sminig m- otXX in  m m t c r : tooBao&tst*....
S lit re ig ic ia iioe  Iscm m o a OulXlvtm ttcaa^  ind u c tive  ■wiro 
vound 0 *1^  $ x m s *9 o i  xirelettfaae XO*uoq ci&m .hy D*CX d m
stages*
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l o r  : m  n p  t o  -10*000 ® } s m '
th e  oaf ■%%$ 'b y i^^ t?  t i i r e  %his tte te ;n -.$ in id  '
%W t '# # |& t®mc0- f c  p la c e  ex’ t i i #  c e l l ,
^rnm^m mmimtmmn I i i t e  tw® re ^ u te n e *
t e e s *  w l  0M % m f A n i m  tW 'U l« h c » ' polat* Sfcie W  teae
i& r Xirtiti li/0 ** 1 y000 ■ Jjt 100 ' t?1
m o A  1 #uu0 *» 10 , 0O£> #.§a® An §00 cOm et&£ee* A f l i g h t  
:rtoiOs§ TOri&tleaf §t>eytl ± '0*Sos vi:o immd in  tfe© e le c tr ic a l  
©net■ w&e" iitf r its itc d  to  s l ig h t  T&zluttmu isr the 
■ tm ie t fm # @  h o » « «  ^tlae isr&mredl im ta e  o f  th e  rc sis t^nc^  
m y niir©  to  ©liftS'it m s ia t is E s  in  tlic e l e c t r i c ^
centr®# rad «  i s a a  value m s  need, 0x4® m # oecseioaia?y 
checked, fend H iw r fmmd to  wsgr*
<*£r wm^ uTmmxi ct g re a te r than  10f (XQ o li^
m e  100 ^  r m U t m c &  ©>^rt#a c a t ,  mis p x m U - M l j  
d e s e r t ,  rad a  l~ « \  c f  %xl%e v i*e hearaoed aga in st the 
r e . ^ t e lc r  o f  the  Uriels# v ijre  m d  th e  e th e r  100 e ta  
re s is tan c e  xutim o f X (reeietsattce reo letrac*} sod 
a  C e c il re e ls tra c e )  e o ^ t § ^ i a i i y j  te  x ^ x i m n  t e i% e  v ir©  
reading® ver© &$Urs$zx& mmmt^ Mmtsm;f hy re d u c in g  
*ae- mxx w ith m et&n<i&3?& re e le tra c e  Im:* x $&&$& ox If 
m% 1 (hrl%© reading) %ma j e t t e d *  end Xoun& to  he & 
etr& ickt l i n e ,  «iop« t -  4. *S?X9 in Urn rm ^  1 * 1 5 -1 C C ^ ,
’ * ~km  fc i t  I®  1* l e  t o  gseaisurQ s re ia - ic tr ic e s
„ . ,    t 5~
+> TxlQ Qi#m to  0 *l.;s rac&art&cgr* rad f r m
:m j ~ 2,0 t@ s e e ^ e y . Y ith  the c e il oonatm t
tL4
11m U. frmt rmx internee ' ilmt of tho 1*$&t
v $ t m  2o t o  if lx m it tm lO  ghP8» XtXm-f
S;Of csta* itx© i*esuy&€m f o i l  o f f  tm p is ly f tm t Tesy fcm 
in  tlx ie  rssgo vero nmmom^r*
Ttm w tifx te f  of o im i t o f ! ,  mM o f tho
w i f f i r t  ta re tto  t is m l to  ts Io o tE o X y te  s o lu l i a r i  %$m 
e e r i le a  out ’on on masX^tioxl \r:3- to  C*te;:p« w ith ' 
f  ic r r n i fm  f im c l#  a  la iE ly t ic o X  v o t  f e te *  C a s ^ c r & lv i t y  v & i& r *
flx i-p lxs  'e l  cm w r o  v© $$h&d cm n  
1 Icmct im lm io o  t o  £♦£!$&*■
r\  ' :t e  •’•.•••*•■ ‘ • I f  #
V olm * i l l  ccvUvv.etl’r l t y  w i t r  m f t  w u  ja m  t f t e  1>7 
u t e L I t y  d i  s t i l l e d  m t e r  t t e r a s &  w  i m  m m m n ^ c  
mXxsmi p u t o #  i v l t i i  tfe#
t y  -tim fu d m ii i  Co*xtd* tee  rnptsm^m ta  teomi Im '. i  te f  
distilled smter m# jtm m d  itemte tee A# pactte \/itd
re te i tm ite g  0fi IJm #lsit#r€><! g ls «  41 ee? 0* £$<%■% a la m o  
x ^ & w c i r  B# in to  the stedrieaX  't 'c s ^ r^ Q ia r  0#
‘ ■ •   ■ ' ■ . ■ '  .. i : - , . ..
M m m  o u t  % 4 tli to&i ,3LCr' * i \  p & m o &  I t e m # % t l& a  foth© £ *  B m s  
& l u l l  cemcu II la id  : sm r#  e c te  I t e i  i u ’feess* t o  c?irslm le 
m fta l iteidts!#* : i flic? in  iV  t  trs ’\ 3e3 tu .c zvd :' % i■ ‘ -*.V
'•
tu te  fo r  m te lm f tetd la ic ltiiJ  &x» fcoXuticrsSu \ Bor sni m tuM  
srui-i te© msteotiiXtF witr mm n&lXmmm aireotlu Id 
cou^ eiliY* #4© !U|,0 octette to tliss 1U10 ecmo eteite eat 
o f tlM  liisduy A ll te l a f t lw  &$$6$ptiogi lu te ftea a ,. its? 
mlear oollc^ tod direciXjr# teodoteia field temi eeelra
cam t liis if  s i mu f te te f  ea llircrecl m le r  c f  oa iK U o tid iid  adm it 
CUC flmat It litf#a eaili.lt pm&utsX tefeee
the o o rid a c tiirity  vom  to  fcteai 0*5 t-fim  ilm  strain
\ \
1 U 1% iu fmoitle tlevt emmet ii?,ltd daftm
j * s  * :  t ’ t '  X, i m m  a at h i,' m i l  m r m te  of oemaaio
•: |
r& Ite r*  in  tCie ttlfe tS lltd  s ia to rr^ u  tek;U©4 out v f  tho
tmM* (mi ^vapoxfctim  to  cif itbiTiit X X itr#  a tta^r
jaadx \;U4to I'oaicsia vwx£n8&$ tet th ia  m if  l&m i boctx to 
tlso o lid , it  a o d te ii i t /  o f te© iresoel in  t fo
em r;oration m s tlio  puifa:aie tmmion %um iimiM
F I G. 3.
to  12© um:m 1 tm m r t  4 tig? v& tc r* Si %s&© fchcfesi*
t§r Boftien ( tO) tlmX %ml®r p&p&rod in  tM t  i« m c r  
gw® id n rfc ie u i re s u lts  In  t)O tli id s o rp tio n  and d ilu t io n  
nmn* %dtli v l ih  w ater p r^x^r*?  ^  .utajKaS,
w£ho& o J T 'd is tillin g  d iis t ille d  p o t f e ^ i» 1sieul^Mt@
up a t>looB t i a 'inadne ci? ec&to&t a o t i t m e f  8p i t r  & ir«  ' 
i^ d # g d & 0;rie  m l  f l i r l o  ac id * ' jyimXar m a te ria l! %*ero 
w ed  i i i i t e a i  f u r t 2-.tr ;  uiJTlcJkl&fU ' Slo e e lfis te i icsx 
g x rm  %«it3i  p o iu  a im  it;io c y feru ie  ^e lu tion#  t&cndnrs a l^ n c V  
o f  "Iim» : J^ sm l^ n toX ;/ C*X H &©Iutiems w r c  prts^rod# ortd ' 
© t^uted ioed" t§f ace^i 4  c l /  v#I|#ie4  P it
p o r t io n s  unlive fc c t t js d  erar«;~ * « i n d i c a t o r *  ’ iJm ai
•■ :■ -3 .-.- : - .
tsSLQ prepared 1/ dilution*’
S od iiu  le ia ra its u  B its o ic *  CpeeXaer.n were
jM is irc d  t t f  Jcei&njtfcXiiEintf o r Anml&r i & l i i  f im  e c r,d n e ti^ iy
in  a /prfess f 3 w  " * t o  s o lie  w ort a i r  d rie d  a t l l o  « 
m d aXXw^d to  c X 111** di JL,*, v .; %€lfer@ vt^.C.X II and '
&3&0 H aolnticsi® " v e rt |vrs|mrt?d 1/  velgSit* '
I'oiEaeJxsi C hl& ri& e*' " ’SMs £1; ^ need t-o a n* ^  & Fo-r
d e to m in E tio it o* o e ll ear la tent ts. a ' *ro.X0r  £i-'U;jL*X u a j 
se i : ;  4,1 ILXtised imr^r ilo ies  fx tm  co n d u c tiv ity  va to r* tb s  Xaai 
xoonv^i^XXi@ations' l?eisi|| ca rrie d  m it; in  a pX&tteisa £l(&u 
She &£4 t  » is  lie a ta l to  d u ll ' red»e®r* and d rie d  in  a desicca tor*
-3  . ■, • •■■
io 2/  0*1 E and feXO If m olis ilcra  w a  fm le  up 1/
v e l-M *
i:etuci>lmi lfrdro:vide* "De^c good j&r&ffin \m x
I s
m s p tr f f l& a  by s t ir r in g  i t  isfecrro it©  p c lt i i ip  p o in t % ltli 
poptftied elissigts o.f o o a a fto tiiriiy  mates> A 1 l i t r e
xutc cy st0pp#rod U t U c  p «  eXem ;stf d r i td  m a c< 4  4 
■vitSi ib a  «&* I t  vc,* M « x  cut v it li  «ad tXAXmI.'
d i z w t l j  w ith  good fy p lliy  conductiv ity  v&i©r* m d  plsioed 
la  Us© idxH ii tv&ee U p  Ita c * ^ lo o d p jp n tity
o f krnimt iPtsanlsaa iiphsnriM© fo r  p : 0*1 I? o o lu tio a  
w l  4 ^ 0  o u t*  %itebSp iia s ir id  v i t &  m t t y  to  m a w
p o tr^ 'J & n  r t tO p im is  PsO i m S t & n g %  l td *  flao
pa e in t*:^ tt&stonoo *m* fr le h lp  ty in ffe y re d  to  ih s  iee  co ld  
©oprsetlirSfy v o ta r  in. U p  v.cr d b o ttle *  end itmhen to  
im id  .lo eo l Su&tigg tmttinz the wm* Ttm ©olmtim %$&& 
S ttn 0,a 0i ; o 4 tgr t i iy & t is s *  m p i l t i i i  tsoc^m ioXy w i$ h o 4 p o r t io n s  
o i  i'O t;p s ip r I p J y p p n  Ih&XX&tf* using  phaioXpZiw*-loin
-3
ln C ir „ t o r *  A : £:£& ir  « X u tio m  w m  prepared b y  d i lu t io n *
used. t lr§  * « i  4cfr* t h m  d ire#rO o4 * iP r ie O ie f t l ly  . t&o. p m  
o re r  t l ie  «$©lutiefa i m  y rp lfto o fi W  i t  i n itro g e n *
M tro o o tt*  .. C rp p s ri f r o o  m i im s m *  su p p lie d  t ^ r  I r i t l o h  
Cssrem Co«ltd« m s  th rough & re r ie ir  o f  toseheX \r m £ %
b o t t le s *  t i l t  f i n t  e> p $ T $  eulx-trasic fecid* th e  tie n t
end W m  t m * $  t lire ©  ocmt r is in g  £&£; o ii&& tie  oo£& 
iso la tio n * Eh© p ie  i« s  tSrm jm se M  th ro ug h  ess ©opty 'b o t t le  
so a t r s | f i p '  & X ftp p  O ftlc tea  chXorM© tub© \  ched ¥ t t l i  
c o tto n  hooX*
C ^ b o its n te u  I I .  r o l l  c * a b c r r r p . i f r r  s n ih m tu rc il b y  
th e  CftsUorundum C o *ltd *m ©  b o ile d  v i t h  iK p ii re g ia *  i t  n e u M
h m Q  t m m  ct to  te w - i* u i  * l l c lo a  * 2 t o r  t l im
ICO m S ,  i .0 s O ta lii a lis rg o r  r i m  r c r  geo* t a t  to ils  p r o w l
Icpm sf t lo  euoI* jm ’ti.G&.m tcn ied  to  C leat on %h& surfsase
m tlm' wlm alsesl a l t t i  . c m l l  a i r  t a t t le r  in  In o itm s ias
mialaris ms taa  p a rtio t#  a is#  doorosiic'd* IM s  mis not &m
to  m iy #0 th© g & r t l r f c & t  a© x r w . t r d  t o i i f c g
witSi atpm re$l&  te&  no o lfo e t*  te t  w a  g yc r^  L~olr fiu« to  i te
low  m urtucc o f  th e  o - i l  crcnO te* p rcd ac ing
Cl;c c l c u r a d m U i C d - ' y ' i t b  \  t  r  ta r t  11
©11 ifeo c o l ic  l i f t  z m t m i ^  I * * *  t< m  re m w d *  as clioim  I d  a
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t lM ^ a l id * -  I t  shown h r  Adaa&^ttet Tt  d e f in in g  e m o tio n  X
w i t h ' the . for t li# -w o rk  ef-- odhefdan ©if © o l id • to  aI
X lq u M * Vise ;" ' ;
Y^^ ^fo-YSL
the ■' ■ W ~ A’V^6®0®^ '
i& \© t&£4n«d* that te to n o fT  had mo&rurod the
04^ #  o f  ©os®- a ' I t  i * f  fe te re fe tln ^ ' to  n s t r  th a t
i f  A x x tm o tf9® -rule T i t  ’■
pu-y t f i -p*
h o ld s  f o r  ttw i e p tc i§ >  th e  oeu-atien
Ysr = yt? 0+M>:>0)
/3 *-
o M iito e d  mid hmm® * Cc^p&rlet‘»  m *& tm
i^Mla kotwefg* totot*$£f*a mX\m of 41 $ywm tM for solid 
p o x & f f & n  w o t  m i d  i^ is© #' m i  f o r  9 w m  msd tho  w iu e s
(w-1)
obtained t o  tfe ls  work o f «ft>out d & m m . j t o z  s o l id  iessg 
©fc&to l^ roc&a^ bon©.* ‘ -■ •
1 1 1 , . 2eesM i#ts ( k ^ S )  f z m s d  m  d m x m m  © f ' re s  to ia sc#
to footer# ea te3dtogj of a ©olid rod when wot with a
X&$i&&4 • Tkw doo.are&o® toereaeod wli& Sm*re&©tos
mrf&o© tm^lcm emd 0O0M 1?© plotted ao a cr&fls* Tlito 
w&© «i»pe!atod- to iOCff; deer©a©©* wHich was t©km to glY© 
tfo© ©urfisc® tenoim of & iiciuM of tho iw suite tension 
©a tli© solid# ■  . ' ■
■ I f ,  0©fwt&d C 6 .) ueod & method *hm&& mx %hm
gro&tor ©oluMlity of. ©wall pwtleleii eosp&rod witti largo 
P&rtieleo o f  ttm:&mm ©ol&U ■ IMs wm  eQ&©idore& .
«mlmgoy;# to flit different TOpcroar preootir* of tmll mi 
l&rg© drop© -of & liquid* .for ^ ilcfo ti&o ©c^ tioa toldo
id io r©  tfee irmpoas* p x o o m rto  o f  t l ia  la r g o  s®$
simlX drop® roopeetiTOlyy^: liipM rarf&e© .to&eltBif .
H - molooifl^ r- wlfM of XicpM# R* rad to© of st^ ll p&rilol©* 
~£> - detoolty o f  licpiM* ' Is*. th«.. ©&©«, of ©olid particle© 
di&elrod to a lleudd this fcooGBie©.
J2n S.l = X
/So SrX?
"Where S> = so lu b ility  of p artic les  of radius r •
* so lu b ility  of p articles so large that further
size  increase does not a ffect th eir  so lub ility*
V* B ispett, Johnson and llaass (ii* ) hare measured
the difference in heats of solution of small and large
p artic les of sodium chloride* Use is  then made of the
equation .
fs  ^ y-1 3
dT
¥here ~ difference in heats of solution, andT>  ^have 
th e ir  usual sign ifican ce.
Both methods IT and Y measure the in terfac ia l 
tension Between so lid  and liquid* Apart from experimental 
errors th eir  use requires d iv ision  of the so lid  to a f in e  
sta te , either By grinding or condensation. Either method- 
w ili  consider a lly  disorder the surface atoms, which may'' 
lead to a high re su lt .
YX. It is  also possib le to calculate the surface 
energy of sing le  (cubic) la t t ic e  crystals* This is  found 
to vary with the plane considered*
The resu lts obtained by these methods are meagre* 
few substances are investigated by more than one method* 
1-lost worh has been done on simple inorganic sa lts  for  
which values ranging from about 100 - 3,000 dynes cm 
have been obtained. Values of about 100 dynes cm have 
been obtained for g la ss . Antonoff’s value of 41 dynes cm 
for paraffin wax may be twice the actual value*
t  u u X u ta ie  t b a t  I t  Is not p o s s ib le  ie 
t*. p s x f^ o s  te ie ic s ie  o f  a x e l cso lieuu A© In d ic a te d  
provioufely s a Jewiedpe of uwnfm* tension© of iaolld# 
neuXd l c  f a  t& e  p re s e n t v e rb  a  l i t t l e  Im oeti
mstls&d h.«u X'i't.i fart&er iiw£siigsf€c!» lbs t&acxy m& 
M s tc p p  o f  t l ie  m th o d  g «  «$ f o l lo w s  t*»
: fliaa a trap of liquid i& plated cn & smooth rolff ' 
euf1&o& it mag cphilii & t if sip of contuet smp&m,' 
dc^ wlieif eei whether Use Itq ix id £.0 8^ v*';cir.~ or i^ eecdlry;: 
<mr the fcurfi*oef vltether or not tbt? 1 j ;;alu a?Kt o$ll& 
laevu s,,:e izjuu^ulg l ~x se/iiii, de Xm the spsica
p . h* ;h at*  1 ,. iiXibrlx*
fi*0# m t u p l  a s t im h is r p  ads0 :rfc tIan* -etc.. iapre e e e jp e fh  
pei o^ siltsxliiss c o n ta c t  exy>Ie $Fsiil he shtx.ified* gitts V*/
& o 8 t  a c p - p ) / ^  , — — - - ( £ 5
vlicrs? p><* ie  the te n il ih r lx s i fre e  rurffcce < 1 {w x& ee
tc^mien) c*. tii© aelid u ir inteifaist* rrh * 'jkfi t&c 
O0ppt£'pendipp t&Xu&u fo r  t ip  lic p ic l/fa ^ lie  ettci l i is t t id /o ir  
Interfaces* It is fist fosslMe h«* use esuatloih irj to 
predict the pxlsie of ®*in a eiwn eptUp* 'siaee no';rcli&&Xfc 
BfcUaea e x is ts  fee fe ie m ia J ts  e ith e r  )(SR or * I t  lies* _ 
iasnsssrer beer fpispesied by l.umm tre^ fifhlcer ( ^  ) t sr?d cscro 
Tpccaitlp 1);/ fit on ( 10) * m€t:mztm<zzi t& of cer*t&ct cor? pic© 
a ie lit  lend to im c iiy s iie i i concerning ’jj&n- basd $L * ‘
(Z y
I t  hum boon found that fo r  tfe© ooee -of two mttu&lly 
&&tuorot&l an c ^ I ^ ic a l  $%&© erne-t© i*n im ofi: {  ^ J
o f t ®  lioMi# flE* toat th© intoarf&olsl tension two
1.-  iaoibl©  'm to a lly  ®&tuxs>to& jimsea i s  t p a l  t# tba
d l f f m m m  betv@eis tk® individtt&X surfme© ioMicma of the
{&&tur&t®&)’ itm see* fhoya is*  ttarextttm teiy*• n& th e o r e t ic a l
"bmim for t i l ls  mil# at p r o s it*  hut i t  i s  fmmS. t© he true 
1
for  ike large majority of li# i.M  pair®* i f  th is  ’rule Is ' 
&&$umod to  3aold mi & U m iA fm X M  intext&c® m® ob tain  ik e  
© tuition* - f o r  mttiiO. ®at?ar&tien o f  &£1 ■ pkatuoo-
^  i  *•■■••■- K t *» ■ «»  Mr ) f « v  w w m  . » » • • *  « • » « »  ^
I t ©  {St) arid {3} i t  w  o b ta in  •
f “ ■ \ *»«*•*>* ► » « • * » . < « •« > * » * • • *  «i *» •«» «« » o b  { j
% m  -ems© eorr*upending to ecai. let©  vetting. of the -solid W  
the liq u id ! and fo r   ^5(SRv® obtain •
s^y-\ ■=- C,^ t ^^
tJelng tills  emi&tlcti a Toluca fo r t&e ©urfene tension 
at tka s o lid /a ir  iai-crfmo© mm bo cuXcul&ied* I.mam and 
f ib b e r  {l® c-*cil*) #stemliis?d the ccnt&et m % & l m  of vat or 
iicid m m ' m t l ?  drop® on irmrieu© p©Xii:kect ^ologle&X ©paetaciaOf 
and obimfned in  e&di m m &  ngrecsao&t to about %> between th e ' 
v^luos of ysfl f© r a given speeliaao, u@1b{* the tv® reference 
iis^iMm# llto m  (lee»e lt« ) etCLeul&tod values fo r tii© eurimce 
tension of {^aturatod} fsfefiifr An m x t r m ,  ©ontmot englee of
f ir
„;lyC3€£irXf ;,2ycsX v4'*d S dtt- ddk . ;> vdLiCfc, -:. clsnn
o*n:ion&ooi with coed cnnon* i^ r - d  cx ndnot id# &onna 
nnsoiit^ dl© on those J q t  €dd c lu * S .n  I - i ^ r d x - Q c & ih e r iu .
i n  ifc e Xivf,.j.<l t i n i & t  i ' : \  £ic:;vx*xlljr indication
t h & t  iftv:£Adion oit;i too ni id on not Xioutdo x educed 
little oHnons In thcs sslld/dir teuiiisru fca: *r-u 
IXsnmort {*3-) dnloxstiiec! eontnct nnoXto ©f & Xornn n index 
et Itoutae anoint, t scltd pclytntraOnoroetl^ rlgne* Uat 
tn© eodcodided nadues of ysftTia'ieci ni4oXy* llm-e v^s* oe 
onMoriii© y i i r m #  hcon'Tor# tint aaio.ol oniajnticn, vns 
on ton-©d in this none* oiia©nghs ©non if tl:uo v*$xe no* 
inn T-t-xistion ndndt X© on©!* tun to ntisn^ tisit c.;‘ the 
n^ inl'nnn t n u i i m  .on ton", solid on sndorn&iitji niih tl:,e 
nnrinnn Xi-oiido* nnrihnrnnn©o doTle-t ions froa nui©nai.X,n
role :olndt ds coo-trinj*.. - v
. :k a t o a o t X ' k u i e  li+& o uofct ik iU iia n t  iU i t  ju ihe 
ouikod* ■ it IkeS^keba ibe .-feut-joct ©J’ siueh. vo ik Mia
bb yet i u  e^t ueltuuuoHk aeeepit:©.* 
CfofeikSiktiou ©i ..ihse x>©€^ u©u iko lukjbet i sik-45* 
io3r *xft&ple.i*“Uino# i &hovfe tk*,i kktaudl1^  rul« holts 
tor xrbctieklly fell iivdibt'kii-bXffc* oihcjie* halogen eurueeeik* 
a ll. bgiUDot %uie:rf pib^ itbk ike luitu-sd. boXukiltly ;n>.lvbt 
**1*4-no choleic^ leaeiico...tbkc:© glace# . I  h& only n c tk ile  
fc^ eeiiioa to- ike ikbofo is the rcbelt u.i ieukieo -ad 
e i.ng-'burjp* v i l l i  bmizm ic^ vhleh# ecniubuy t®  et!hu corkers
they kkiibiktr .not to ck€j #*kt©k©ii * ©■- iuib kith voter# 
kokwer* the- discrepancy 1© ©i ike eruer ok tv© re it© 1©
thirty* kiuit b©«ai,og in aim! tea poor iai"kk©vents ter
e»iuxaii.oii# liar iy. not eausi *. \ iy t&* viitor ta la a 
euriou^  olrfaktJ.m« ; . .  . . .
remourrikcao* . in  } ir^.} ( 2.3 ) ti©d relch ovu
vleohols glke reality*. It ryythrs ar icuic t.,XX
zxi;’lm .uX iQ u  tr«d t ;k k t  4* re hue to 'reeieoelkk cavrtvtiem* sod 
rethocyueai i^ ur££€a tjordlng >©tvtai! kk gicrrid >t the ©:.. tti- 
cduyriio ii.y*Jk kstexi^©© i cu;l* 2.3, 33J#
^tnrk ly*  two o*ten quoted roeue/loi et rnlotanecs not 
conl'oniim.^ with unto iiex i1© ru le  v i ih  v & itr  feit c&rfcon. 
dtsulphide rah meikylism iodide. ( 2-C27a3 )* 2x1 tctli tUc&o 
G&zeb i I lif fxohukl© th e t tydkolybio occurs* . C arte l 
di&ulphid© is  dencrlfccd fee u th ic&eid tenl^rdride in  t m t
Our luiovledge o f &daos$tleti' Ind ica tes th a t  the M erely© Id 
products would tee concent rute& at the surfaces iliU© 
e m l l  mounts cmpar&tele w ith  the to ta l volume would give 
6  la rge  e ffe c t*  {!"*-£• ■ In  ttee course o f .the present vorte 
the In te rf& c i& l tension o f cct&decsne sgaisiet w&ter-vro 
SvC %-*• *w'VX 'ir a n ina t©  percentage o f  teera&eea&al# g iv in g
on ly  a s l ig h t  diEOol©uration a f te r  s t i r r in g  fo r  eotia hours 
w ith  cm em tr&i©& ou’1 r f c  mold, m s  found, to  love r tlie  
in te r  fa c ia l  tension eg cosae h5p}* fu r th e r*  the worl: 
o f io ito n o ff f Char in  un& Heotet (so ) end h n to so ff (3>i } 
chows th a t 'the t in e  t&Icen fo r  ocvuil. xteritiu i© tee reached 
mag tee concldcvatelc* In  th e ir  e rpcrliaciitc* or genic liq u id s  
end water were l e f t  in  contact u n t i l  values fo r  tone ions 
agreeing w ith  hatcsaofi’ s ru le  were obtained* The degree 
o f a g ita t io n  was no t r  ^ c c le a r*  f l ic  t in e  ts&en fo r  
eouillteriym  to  tec reached va ried  iro n  5 dogs to  ac much 
1 mentli* The m j e r i t j  o f previous worker® appear to  
have teem content w ith  short periods of s id lin g  { X x ) f 
or cllCRfixig pu rfaces  to  i n  **i» in  contact ( ) t o
e ffe c t CKiiiliteriisa*
Phe in te r fa c ia l t me ion ©1 pure heredeccae against 
pare water t*u© deteiriined as p a rt o f the present work* 
After c fm d ieg  C> hours Hue value had not changed w ith in
the ex ros * hut» at ter rtlrriaa trie litnudu
to odder hrirdljr f o-f It* lioaiO; u value ssouc 5. M^her *&*
o o to tr ic d * Tto'. to Iu o  odt^dooid ■> iV. i id e  c e i iu ^ ie d  J io u ic ls  
-fe te  dron  »-oo^oo tened-d c d d o d sia o iic B  cn th e .
‘■- 0 0 ^ 0 0 0 -  ■ '& * “  f--i#C'il '^r5-vl;<<U a!,.^ , Vi. J-5 I-,-; '.. <.1 ‘ -J- ’ ■ - -■, ^  1  ilV » # «■ W,I i C W* „fc ' I-,! 2'. «*i
^oitto  to )v a  w ith  to o  sKO.,ti,tvOott;d l iq u id *  d id  r o d  
remote doMmie tHet eioatira itd d iicrars did not 
mximi&Xlr Idiaeme thi ceoooo^ od eidaroiton* For- this 
old loiof ooo iOid Jiitoodoci^ I ten&icasi quoted in 
thm preomt wo.^ Ic* me* ooleifo etliordtcm stated laemurml 
oa C feoataU / ^ a iu m te d  op e l  mm*
/V-z_
si:"., CtSS" : > V. J b ' * . i  .&
Ulnee i t  TGn-\iTi4. to  ctuey cuXt'fcueeo in  ’both 
th e ir  U m i t i  cut s o lid  tin ted*  the c tm m in  ecBycunhs 
eoexxonXy need hy yrgrieufc venture vcto unouli&hlnt mm 
t o  I m t  is e l t  h ig  u o iu i^ v  u o i th lh o  m v m tu ic z t*  vcuXtt hoiro t o  
ho xdth v.vUrr* und only eXIofciiy t.oXu’ble in
i t  i 'tci eoutsrlu no OH uiuh to Joeli futuoen. I t  C mmI
SO Of i  •$«©*«& teryrretu reo  tHot could ©euYcoiertly Vt 
©Muinnd v i ik  o s  $xoiJneuy W m ^im uto t, Further i t  vnu 
d eu iio h lc  t h e i - t h i s  v s t  cutuiuoM e in  ccue coiurtlty*
■ t o  c t i iM e  co; r l c t «■; ; v i i i i C v . i l i r t t o  Xx• c u r r ie d  c u t*  end 
aliso cincc the mmlhoc choecr icr the uoivxuimiioii ©i 
t lic  t u r r jo r o  o^oulroC s to u t Oece i f  th e  l iq u id ,  
t u n u iu u t ic r i  c l  to c le o  ex c n y n  i c  cooyconc^ (3 3 f in d ic a te d  
th e  i v l l o u f n o  cuvyuuuuh ntuM> !iu*ro t o  on r u i im h ie i *  
UcuuOo'Cboio > oeluuh.cornu D iio u o i/l e th e r*  heeto j& enerio.# 
hopieceoutuy I 4 UiO':yUrcuotst*ufnncs Xooodi^ cltoet 
ilctiUrd ecciuyhax<u/e5 ■ l  c h a o n l i r i ln * - o f  tlieoc *
itu- Xn*t year hura yet to he irucoijyixtc>4» Icaesiniilcn©
- unchjhrthrl ucuvO.Huua>U'u vvoXO not to  chiuins4 in  & 
tru llie ioriX y  i / i te  o tu to » one Hoytfeheuxe o s l  
1  4 0il3ydxcuiusu,itluil.ona could not X>© &ht&itw£  &t o i l#
^ctuucciOH^ .Jphonyl ether c*d
■;xlo: :m:«; e,„7j i,T»vea u.tief^ ct&iy* wtd vere •
IV 3
. s - - o ,
>' « i ' t '■. ■>'•»- i I’ vi'\i. Vv T*«*A.V’se
?kf O v  -? i-A>4t» *
•*» <* A Hi* ^  O-* i-%? &».' -A i- ia i>sl? Vr ftOO.i A'i.1 W"C*1 4
V -. i «*v‘S Vti:S Vw «*•/■'-s'w i,K« 4 -• %r^ 4- -*«#• •'■•>4r ‘‘>4* ^ 0014X0 *14. S^i-O
i  i *  •■•>■ i -  s> -:■' iy i: A , 4 ,  o i ■•-..■» t O . > - 0  ^  4 *  i - i  =4- , - n M - i  * .  o O i i O X  * •  ' <& £  £>■ J l 4  i  % * - i &
rai- -fos v,'-'*,>iO i S£ %*£• V»P is ■&& «r *v. ’W ijf- & iwiiije J £*j3 C;&
O s . % ;* ! “g ; -M -  fc; W  $  ~-;' :'si i .  O X  0 - 1  U  -»  0 ^ 0 ^ 4 0  - H  O ' O  1 0  $  i i V  I  i O K
l a i ^ o a f u t  ,U  '0  x t  v j j . l i l  t e 'g -  £ ' Z £ i t * ‘ £ t  - i l s ;l €  V ®  IXJ %l 1 * '
aaa olosolaaa al' Usa 3 iiu a iT
oaor x %  ao^oosoi..uo,. -,. j l l l H o  s k 'K -  tisa ■
;Vt.4 ,i.^7- C O >A. Si- .O  'o iS- ; „*5 :c| s-.-' 0* - *• 1 ... u
^soaoso*, ^aoso so a l i iX a  i&  ^,.;ovoi slaoot tax os;oiosx 
as a la v -a a  aaoo os. o ooLia o 020,0: a* sooa a -s tiio j,, ,u.a
aa*;oa l:;:oo:a o Vv.t& oao;o oo taio- aa^**aa Is -^ u iw lia a is v  o i j  #
Jiii s:UO; & ao '-lio^r -osiOoI'i ti'isaa aoo.asa* oat m .%  ?a^aa,-titaao 
fc-o fetoooajiaaia $ a&soo- iaivO:4sas ac^ 'fe-sa-^ o o~ cai’aoa 
oia lisa equations uasaU
' I h U & t  t o o  a o fito ^ t a o a -s j-a a  i n  t h o  
aaaa ostsosssBCiiif ojka tao  ^oaasja e|- t l m  
iassolan c i i i ;fa aco ia  a ^ € :4Soa-aa# aa lna  ©ia-otiisa(5X
th4
m'  ViMJ. ’ VVOt i ©1:1 Q t'O .X  % h n  i  ©t n V m S n - t i c i i
** i V©...* * , ' v . j ' tv&o m e t  w id e ly
omd 1b im  vw^ d^ 'ur;;- tube midev in m rim s mbitiosticms . 
(cue;* iMiliT, i*/lejiM) *• dbil# tnio mtmd, nXw© mpnod-xaSblc 
■ ca^p r^ir,-.* in ivmsmny vdtn %nn at&or#
I t  gntdosn Xmv me ixiporic^t cieitnri. fiB? e<ja&&l«m xmm. to 
o b ta in  te 'k iia iie io n  in v n ln m  om  8  * ® b o in ij ib e  oonfcact m r;:le  
mivien ion tim id  nod cm illora mix* xt emm t:!mt Sn 
olvcni -every com® bon ii©eii nnnsncdt m be &$ro im& immm- 
0  - x *  d l i l lo  i b i t  m v m ro  f o r  m i  or* c m  t m
met m^ v-Us Xix,iid© %X n m i %  pXvm €2^ ij.l4:rif;n & z v  v t  < d  
(Vat not */ i&& {**)}* i t  ©to m i belt bee j m bit to UBm a 
u % M m l  iiiVtXviiVi loin cmnimdmii* it xmnbim the 
im o iM ilid t cmtmn to too mitcv thot oil© cmmmlzr oeeoptea 
mlmo Gd m m im  md Into m m t-l t  ime loins ot m iiin lly  
mmomittl mm'mm aimlplildt oat nvtnr* m£ mMyytmm ImiM^ 
iTrd vtten ; bpn tv £m:iee:irntn, duo to tin  tincmolderm 
contact u't^Ic* . imnmr# ini© to non not believed to Iks 
iho orne* Xltt ©tui'B Hove mm tvfii cdbv lined in  tin  drop 
oei:p.it BitiioUs imepmlent ex tw  oeotnet on-bo C^^it 
ontvm pm i et tv ic.vend ih© m liim  fn r  enicB €imUp&lU& 
vein btiexndand Inf n x U io l  tnlf-p-mdmi ef ofmttol onnle* 
ant £mnid to inmen vilb.the m©oXio in t'Ho lltftr&ture* 
din? eniVmntieix 1© jwW ttfy tin  onletmiQ% ot liy^o^tyliG
/¥■(O
ykf&T&l-fi.ir e'tescii htecehel m -the ietrsh©©© (ee© elflvj* 
. i  - ' . . :• .* r-d» i j x  ■:.}r :
{ l^ i *2-/^ 3 - v..-^  mm,Uh t©e*imi» es it Inmthe©
tlfchie©!© h-whlm C-l the erevtsta# t® tmmheiJhh
it thl hrci f; lehcte ©eihhie©©. thermm * imlefiiti tlLe
trcee cm he remed p^ rldaily mmlerlh tm- ;s©h h© 
JMitidihllh mmiedg. m%4. the rhi/hed p-i-ernel© 4ifiitj,Xtit© 
©her etch :;; i: Jelshfthdel teehtois due t# lireM heir-i 
ret felled m the deep Xmvmj'X tip-#
Cl* other m those, the emiier© teh/dj© fhcmhi© 
emliei he© net. i'tesue isirdhh* jhmifclh hemum m X x m ^  it 
wh * * * ,. .  -  ^ m ©  r  t i  ( * - *  d  £<:% \ t*' th©
ii^ ute thi© x x - i:X X \ ^ t -  reet, be ie©h4J.b;r©4:fh oehh tie.© i %  
i u  utmerthh*. tee EsUmds meed v n  the dimced-tllo 
leblmee ehe e © ?:.■ n to ©er i i on» -: ecd &rt d i i .; I©elt 
ta ae© le e thermitm* l : m %  eh the other methedh 
©dip-mth eh ere the© c?r u m ^ i X ^ r  Isseh; > et e e
Xuherieee ie ci.©;i©htiei:u
I'leeef v... f the Bhthed ef cretin© the r n x s X ^ - m
ta;u4,es dlesa hmmermmhe rf the ©ithile & ©e t
a r© m  e © 4 h lj  ©sic- he .-extremesr &m* Tnck^x (Xh)
lies atihli is ee^ etiih it-. It 1© ©t the
iKehmh miles the iietfme jeiiet m%xs#h uhtil 
im€4ietfelh Infer e meis -irciehjt s it ie Tesy teithlhe 
dor ihterfeeiel tereieB leterjrmicnU- s eue eiree the
( y y
m - B  im ie  tin* T m o T B t  n*vy be b.cpl*
imd jaefesareA «aa& rcfsessartd %iien rr^ffiSred*
l y - s
htooioo h o. e oo. e-h-oit i leioo: hosei root® to the erio:iho3..
3 ( 4 # 35/36,31, 3*/ ic) i : , "•~ OVOV i. ;?/■ ^ taone el' the ih pihr&too
r-e eeyo?ho ereh *e?1. I^ oelh ?oi||oldle; hod on
0 e ■ reteo voo. ho-h -oet ehfh t" e f.:hi^/inh pointe in mud* ;
2,. 11 ueohe he h h e i r ”v’'h! e to  ie u o m e  f m  oe m u iu u  • -
!;
■Jn u thrympiop • in  order to  e i t r c l  ioo--motoTe e m ir  el# ' 
hotmt' xhh^im,e xooihoho tn m tm  pmum ymmhor fre a  u th e m m th i 
thhvu^x u Jecdert ommomlim t the Emvmohitim pule mm P e lt .■ 
to  t>e lomeem^mptTp d imlfmhmho or.*? to tc h mure.oi oh 
omdhOiflotlX. o TthrefJ iO|;f : ; ' : '
J.1- Cmpl'h e hotmht. eol: rottm romt to- eltohmPlc*
111* It rmot ho ueimmhm to- elmm the &* 'ypenntoo ' . ;
thnTmrfoileh h . .
foe mp-mt tom mod» mmm or mTm l^eoo mot h;iiekllh
y ; ; ‘ ; h;
jojoto; io shmofo m Ji; + *2* It emmeto oh im 'intmeohhccice!
mot I ohm too tot ool :■ t'er httoloi.nh to? tool tot o;3hitio:n# md 
i; drop; tcm P m  id p etto  theeemmd to  e. emmhe m c t le m  .■ 
momtlcl e|mm cmitlhl rites m il, uloot 1m feeooxt toot' . ;
1 -0« lotpm the If j •■•5‘*td.o h: Thro* loro or :it ntljp mtoroxted* 
eoiilu to tomm emr into too hot'll rdT the p;?Tmitcm ..A# Ipf
i ■ .
oir prmmxre opplmh ot :P oiJoht ioarehhcm er dpermm© 
ct w ^ w e  mopljmt ot O homo & rohhm toot inm jjmrcm 
clomp pmihitiocL oioioitito- control oh the £ls& itl the €rcpc . 
t-lcem . .t the jt-t T>, the eihoilhto' oeoeoooo of eprepotidBe ' 
io oeoeriood 5o t-^ ctIon
/
F I G . 2
*ih© $ $ T m s  © e ll w m  v l t h  tKstsc&e» w h ich  w u ®
t S u m  restored v it fc  pure ©Gneentr&ted s u lp h u r ic  a c id .  I t  
v s i  v e i l  w i th  ta p  v & te r*  r is g o d  w ith  &e©tone» ©nd
d r ie d  I s  & c u rre n t e f  d:,y & ir *  The t m & t M i & V T  o t  th e  
i  ^ ,i4ue vp# cleaned i i id  dsgrmecd. W  pX&©i»g I s  s  g lased  
v c rn e l * iu  w h ich  an a ie o h o l n i t r i c  s c iu  ©r 
‘d iX X d ltt& f4 rcu ictfc ja  - y ^  ^ g fc r ta c d *  I S t m  rs u * ;la in g  c^mat 
ll> miimt#j& I s  th e  n itro g e n  d io x id e  i v & & ®  t l m  m*e
referred# ' m i l  w ith  te ^  y & ie r*  t & n m &  v i l l i  d i s t i l l e d
m ite r#  ©£i& 4 ritsd  i s  cf* © lo e ir io  circa#
Tim or t«&<*i wftli & X^ltE 1*
& m m r m  &tt«tt£i©d t#  & Vfctnan ■ * & lm *  stieroaoogi** rwersotl • 
cm its- utsipa. to |t iw  &xe;vt©x ©tail 11 ty# Tha microscope 
mi© f it t e d  with m?^ dfc$r 4 1* ©t^ailY©* Two eyepiece© were 
ir^ sllcMe io.P the cusuex**# a loft as perlpls&itic lost# &r*d 
a l e i t z  Botany "O*1* lher>© m gsifioation®  of 22.7S 
©cl Xh*E8 roapcctiTelyt the s^ gn ifie^ tlm s le ts g  determined 
%■ j^ to g r& p li l ia g  th e  1 m  *<gu&X€£ o f  fe micros©op# ©yepi©©© 
ggfe&leule* Owing to the ® m £ l S%iced overture of the 
earn©**# Mbmr% <h05em disaster# the low degree of correction 
of the Xmimu u&ed did so t ^reduce m w  d istortion
of the image# la te?  ® adaptor mo mad© to ue@ & W^rey 3* - 
enlarging- 1m s &s ofejcetiee* though th is  made ne 
dilXeren©© to the jb^ge it w useful us tie iris permitted 
tum m lag at f u l l  fepextur© ( f  «*B)f &nd then ©topping down 
to stout f 0* Th© pSiotogi'fiflm were ts&en os hodak 0 BOO 
uati halo hacked 9 ops 3c IS ©mo plates# developed is
/$ - /  I
r® rplff C *11 1£r 11 £ { i ■ * 1 * Alii- di nAk £ P Itlks ) 4 £Til o|. ax
24 3“ r  n A in td i k,i 65°f\ t in , /  n e r i  iJAnc! in  Aa4aA saIA
linn i- i Q t  10 m.:.fi-\tm$ wnirAM in  tAnnin/:
m A n r  f e n  -A- .u ln n t ^ A ^ .  lim ^yu m  A i A i f l X A i  v & i c r #  a a A  s i x ! ©4.
» i -• i  .- :? ' A  '.••” ■* lie-!. v / ..: S..' W  ' * .  .
tin- i-4v^- V- ^ iitin^AnAAa .In tiie  .*?$* & I 'a ,1
* ■  -  • ;:~ '  X  ••■• •£■  ’* -  ’ • • . •  V t ? .  k J  ■■: * .  ? • - •  :f  V : 4 -  4 -  * » v  " i A  £ } . i : .  J - 4  f e . i , .  % v  X  C i i i  < s r i i i  X J  I f f  i b * £ s .<«6
a- n ..ii ■*.. ;....:.<, %q tnx 21,., aa/A n + u* a/a/I/a 4aa risiiiAAAt xacIacaaI 
tin,;: noviA in; -l/a /.A/a, t9 i%4iinr lin i h&Xf*
4 i ] i i  2 i  fcina:* *, * n t  * r *a  „ s. t i l  A a i
i t  v -ru l;: x : :  , • ,: t- A n t a /a u  i n  vmn*  ^411 A n /t i;? !/  A n i f o t n
w-:..c Aaa;.., \ it;.., ir i;  in  e5 s cu lt*  to  ataM  Ac-Atiis/
up s i  t.;..w a ; , i  id  A v is a a a  12-= l i f e  &$ th e  tiilX A
t h i  X A / a  a ,  ~. / a a a .  t i n A , / , *  n  p n i r  cvf  Ta %m£mnn$: l e m e s ,  
tinn 11a a/A, a A.ri.4, ; <V»i a , «n v. n- *' i n  disinter*
A n t i  i t ; , -  i;.i.,3.izp&UUt a a  4  m- i t a  a M a  f r i n x  4  . t r i p ,  W i t s
tAin va/ aaaiac ox l/l":is. second at tin In.
'J A/aaa i X/i^ tA acasaA nt ft a lover,
j...-'4'.a  ■ , s . w -  « . r » v  %.■ “■■.: .*- j ...* ..,.^ ’ * • ■ ; ¥  f c %■  *
/I..,, & in'itit. oo?;-%y f x t n n  24/ iinunre
4; it/' tt-vvi- * It. ,i:t;,ii.u on €, t;r.'d.;C of nt;f:Ifc l?til Jii/lu
i,-1  ^•„! wv\..‘tf f 13 I-v i; v- 2-13,
.u ' i ln /n n  |;d.vfe¥ft i"" x-nnili/i xmsxi& it>n 1  ^ n tiJe©
;.-4;v inn; vu& 1/4a in itmn vlth »n«t.Ie%
. . .  K. I ,  . ; . i i - v  C n ,  i i ,  w i i - - - i ‘ i '  ";.•<■ W ;vJ j ,  ••»;■ ^  v '.  4  ■■-.- v - . \  *>  i L i  i . £ ;
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the ta em a stn t in  order to  nrol4 ciistA itiem  In the drop 
* fl-e o ilier two a lin e  texf ho item  we-ro of 
corner g&asi* ‘ XXeo,# copper n lues o a ts  l^;m<% eiifli f e l t *  
to  OnraM cxotf&s lo o e  o f licut* 4  Off v u t t f 120 v o lt  ni&h 
f r e m it r  mo - m r l o /  &2*oui 1C* *ky 44 con n ec te d  th iA U / t i  & 220 ©tea 
TArinAle ■ tcaSot Ai«o ime ^remt^z  Kxofm t the bettom of t&© 
th e m o o ia t*  yX flA p  c o n a t^ it  s m il l is e a r  h o o tin g  ia r ie y  c o ld  
voatuoxg -or e ta x  tatiit were clone At too M.nfesf o f  the  
ies^c-imturee nexOA XAuperthirre con tro l v n  2y & mercury* 
ic lue rs©  r o ^ i io t o T t  Xuwlsu? a  s id e  arm w i t h  tern m id r m m r o i r  
tierer the *“♦ of c e n t& e t*  preatlir f a c i l i t a t in g  .
r! i ,  u ir * £ ' - t - f  ,'*“• r t  *? * to  sniotiAT* fire rrclu;/ m o &
fnirric r c lo r  e f  the hot "-ire type* fo e  he i t  or m i  a £00 
TO I t  240 m itt Trimirl e le c t r ic  Xi&hi bnllu  A -c o il o f  3 /8  
f te p ie tx r  copper t r im *  c n io fe t i r p  o f o tu rs e  shout > 1 s' I n  
d teoeierh exs n ea r te l In ileo tltepnerhii* fo il!  tap m te r  
C«ul£ he |M o e f  threupti t h is  i f .  reqaiTod to  Jteer too  
tc isp o rfs tu r©  l o r *  e rv l* -on h o t s n a e '  fe y e *  o r  e lie ri vc -rh ing ^  
a t  t h a  l o n e r  r . n d  o f  t h e  i e i r n e e P o r o  r o r e m  A  n t i  r i t x  w e #  
eon o im cted  ox roar plam * i t  had a em ir ifaeaX  typo 
mAc4e -ui the le v er  w A  XvC«uro of toe  iXdvldinp e f f e c t  
cr> the halh o f tie1- ixt-y* err vh l c f / e Ae - x nt . r l o i r  ooot-cc!* tuo
I f U c t e o  l A o u t  l o  2 /  1 ;  A c r e  * x t t e c h e d  e V o i t  l / v  o f  t h e  m q r  
from  th e  to p  o f th e  e t ix ie e n  Xt woe jo in e d  to  v br&SQ rod 
vhieh  ram i s  two /rbirfco* he ll, rec^ee* &ttu which wee & v i r m  
th rough  u ^peicet o f tv©  p a llc y x  And e l e a t h e r  l i c i t  by son 
e l e c t r i c  rio te r*  e l t ' t  th e  t v i o r  x-rv iv f  r t  f u l l  rperc!
t v  no. r e t  AO c u t  r::! i-.A c r n  v o m ita e *  41 d r ,
hoverex rutaor so ieyp  and ,,» tli© f ia r e m tu i  m i  to  
he ran £m poricfo of c!eyoy a. 34 fro t&lfilinn rooisioaee 
wm Introduced into the el remit * Aiih this ©omplotoly in* 
th e  xaotcr r&a ruich nor# «pxietXy*nnf p^ire f  c r /x u ra iu ie  control, 
ededmsrfcfi tor the purpose required, i«e* ±£*02°©. ■
¥ha?i the m . r - w l u s  was f i r s t  u©cd§ trouble m u  
c^eri<mced duo to Tibrutionp in the touilfting tielsg  
triesm itted  to the pefulsst da©p* A oldb of clnie* about 
S? X , 4 * f f 2 A  %uux obtained# eh mm ismmtosl on 4 jyrirsido  
o f  4 iaim le ball.©* the bottom 3 beiix/ held in  v l m ^  h y  
a. pint e f  I w q  strip* the tla rm jo tst.etoed on tlie elute  
lecmnted m  4 j»i<?ire& c* rpunoo : m k ? .  pretexted  Ip? brnoo 
plates* Ay tain  method. vlfcrutioB v* y a  urn rc&uae-d, only 
e^trem# ^ihrntionn lotinq IripimmlMed to the.- drop* Sine® tue 
« m  Inal a re flex  eycpicc© i t  v&a quit© uinplu to  ©boerre 
tiiu drop and enpora csXy adian stutien&ry*
JPU R IP I CAT I CM OP K/lTEEIALS.
. . i s  s  $ t imd&Tti M  m% uaeu
to «Ietezm im s the em«slenoy of lufcrlosr.te, and s«  40'; k1
ci" the pisetiimilv pip© tmteriuOo (ea * its&alnder Xem 
c^mtn MiKlly ismpjXied cy he tiers a. hell Ijqx
and %hd ala# mipilied m like eusstity ©£ ©©t&deeare
tea 00 ■» r<mm%n€m: he$*is4©c$n©l atid len& cft&in hydrocarbons} * 
writer* © tlymks sx© &!&©• due to ■ tfei© firm' for their 
itiforsmiion tm method© • ©x purifying i&©§©- md©* lltc
lusxa&ee&m wtsta'fractionally frei.eu 8 tisw* the'most Xttoufcle 
X/X&th hefssg1 poured ©if e&eft tiiae* it© restulii&g colcurie&
o
© o lid  M fe lted  ©M ppXy a t  1 1 *1 0  ©+ -
■ • •- ’ tThe' ©cttadocim© ¥&§■ kicXi&nic&Xly ctlrred vith- pure
o
cimoe&irated feulx>t.uri©'ms 14 mi 30 cf the &>ei& feeing 
©ep&r&te& © IT  "*md -re p la c e d  whess d is c o lo u re d *  - A f t e r  6 hcus & 
n© f u r t h e r  d is c o lo u r a t io n  o c c u rre d * ' and th e  r e a c t io n  w&© 
C0ns»1 6exe& e c s a p ltte *  H i©  octsdecone m s  *£&©hc& w i t h  
m &im a  c&rfeon&te (solution 9 m $  the® sever*! times v ith  
distilled water i dried - ©Ter ealclua ohXorid© mi’ a temperature 
a  l i t t l e  afeeve 2 8 ® * -  X t 'm a -  f i l t e r e d  fend f r & c t ie ir i& l ly ' ' '  
tvozmx m> vas theTicirfodec&n©*. 0h@ resulting cclonrleefe
D
crystalline solid malted ©h&rply at 03*20 ©* VXtei 
es^criiaccta vetm perfcroed with it sad water to verify 
antoBOlf1 © rule*. 11 was found ■ that ihe rale wss uet ©heyed* 
office with the hormteo&ne the .rule held# the Oct&dee&ne 
mg wp*riXl«49 including 20 hour© stirr in g  v ith  sulphax3c
\ss
H i. e a tin g  the; cg p cx lrie rit» the smir&c§ t  „ e lm s  
wer© •ursehm^ed » fe it t l io  i^ te rX s e ia l ten s ion  was s>. <
S£y- g re a te r  * the  res  a l i i ,  ftg ree ing  w ith  i m t z n ® X & *  h  r u le .
I M s  v&js i& k m  to  in d io a t©  th e  precx-nce Sb the  ©otsaeofcno 
o f  u v d t l w m t g  o f  Buxf&eo &etiv©  B g m t «  r ® i y  d i f f i c u l t  
to  ro&ienr^* prohOhy- taptucIecamoX»
. th e  J > £ r $ i m i y l  e th # r* ootsiaec! fro is  utoeh m%© & 
c o lo u r le s s  © ry s is l l in ©  i§©lM* I t  d i s t i l le d *  and 
th e  n id d le . f r a c t io n  w m  f r a c t io n a l ly  fro z e n  m  vus the  
Keacadeosne* f h t  r ^ o u l t io g  colcrttrle&a e x y & t& llln e  hody 
,h%& a. tlm yp  m X t in g .p o in t  £3*1° ©•■
tTho A ce toph 'ncn* ob ta ined  t t t m  e l f" m o  d r ie d  mmr 
e&Xoiuxa -c h lo r id e » f i l t e r e d  &M  d i s t i l l e d *  th e  m iddle 
fp a c t io n  o f the  d i s t i l l a t e  « f r a c t io n a l ly  t x w m x  as 
tls# Homdoean®# I l i a . re s u lt in g .  rahstcmee e rM M te c I rm rhcd 
.©upe-X^oooling in  I n l i ^  hu t gsr© a co lo u rle o e  c r y s ta l l in e  
s o l id  v l t h  * ; t  11*0°©#
lop  v it  r m e  feund prefer&hle t© d i s t i l l e d  water 
©wing to  i t s  frerdO B f x m .  err eas t «m& wa© w e d  th r o ^ h o u t .
l o r  th e  r e r l f ie & t lc n  c t  . m t m o f f * ®  ru le  th e  e t i r r im s  
'vesmeX* to p *  s t i r r e r  and p luso  ve re  f i r s t  c a r e fu l ly  c leaned, 
degxeaocd ortd d r ie d *  1© th e  s t i r s ' in s  *  *• f 1 »  added 
cCbout £0 e© o f ©rg ra ie  l iq u id *  s r4  to  ec m  to p  w a te r* the  
ta p  1lorring1 hoon a llow ed  to  run  o s ln ir to  o r  so im e d la te ly  
heforchi-UKl* The e t l r r c r *  c&p* n e r c in j  &&& &Rd phage ve re  
i r l i  ached* tuel the' &p^&xutus* a ttached  to  a t ru s s  ir&a-se b y
1 s £>
ru b ie r femds miu lowered in  to  t  im feorri& st& t» prev iously  
adjusted to  tlm  required icsupwrataxe* Sii# o i l m r  m*©: 
d x iT m .t iy  •& la su ll e le c t r ic  jaotoxy w ire d , is rm fe i fe fe -c & iu t*  
mounted d ire c t ly  « o v i  i t *  . I t  tura«d &t abort 500 r*p#s* 
and &i t i l l s . speed t r n  4 b l& d m  o f  fe e  p fe d le  produced very  
complete n i fe i ig t a s ta te  approaching  &» emulsion be ing  . 
produced* Olio s t i r  rex was not l e f t  vofefeg; unattended* cm 
i f  fe e  » to r  n o t v o x t lc u l ly  ifeo w '-it*  tfee padd le  xufetied 
anslaot tlx© &Mm of i f e  glass w s te l#  i t  ©as allowed to  
im i fo r  4* to ta l  o f iJxourss cn e&fe o f two cciseccutive days* 
f e e  om ission  was I f  mm a llow  ed to  s e t t l e *  sad  f e e  te n s io n s  
d e te rm in ed » l o r  f e is *  th e  r f e - in d c r  ■ e l  th e  fcpp&xuiue 
p r eTicuel^ eleiseci* degxc&sa&d aod dried  mis f ix e d  1b 
p e e i t i c a #  U e  i S m m w m d  p o i n t *  J e t  ( r a d i u s  * 0 5  t o )  b e i n g  
used iikI allowed &tot SfeLf art lieur to come to teapc-rfctuxe 
© c p l l l l r lu n n  fee  eaoora and l ig h t  #emve© w e .  jlfecod in  - 
p o s itio n  ookI fee etaieru r o s i l y  loeussei* fee  tops .53 «fe 
54 on fee d ixm rm  w x c  then ©leccfe end s l ig h t  pressure 
(about & .in s* of', water | app lied fe ro fe i Lb ixom a va t ex 
e e p ir i tc r  {e ifecm m rily  fee m rfeee  tension #1 fee srueouo , 
m s  neuuurod f i r s t }  un i 11 fee l iq u id  _tad flowed o w r 
■tfeeugh ££* lo t#  trio bulb* and had s ta rte d -to  dxip  from fee 
Je t* 51 end 52 were fe rn  closed* and.54 opened* fec it 
u&u&Xly cfetn# more drop© f e l l  from .fee Je t* f e w  more ■ 
drops wore toon blown from fee Je t by tu rn in g  a feee l 
operating fee screw cluop vh ich  ©gtiwereu a xut&cx te a t*
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Hsesm drops*''ver©  m m a t o  fo c n e  on* end t o  gaape th e  
■sir© o f thw drop* %:lm ®3L id e  m© p u lled  o u t frcsa ilie  p lu io  
h o ld er , tB# l ig h t  guitc&ed on to  f u l l  pcmer* a drop Wmm  
a t tlxo j o t  t i p ,  micl i l ia  i&otofsr&pl* t&lren* Hie s l id e .
% cm!deed m m  t h e  r lu t o  holder editor: ed* mid another 
ptnstf pm B take© o f  ti. f ie e l i  drop-, The j # t  .ms# t ie s  rep laced 
by a €X#an* ds r^ tlmnramrd p o in tlu g  j e t  (rad ius *CBB sms*}* 
i l ie  m rio a ©  oijged. je t s  were neeese&ry to  e lp ia in  s ta b le  drops
of ecsmnient tines- for record!^  with tte optical u y & tm .
■ - mes-
u se d * The m zx tm B  tm & la a  o f  th e  orgtani©  p h ^ e ^ d e te x s a in e d
in  a l i k e  jaanner* l o r  the- in ic r fu o ia X  tension the  j e t  was
d ia n g e d  t o  m o  o f  r t ^ l ia s  1 t o # p o in t  t r ig  e i t h e r  mpw&rd# o r
down^iards depending upon tit d e n s ity  of the o r jp a io  l i q u id .
IS mi© cloood end a 3 opened, and gulfi c i e s t  vat or ve© blown
*
ove r to  t i l l  the  c e l l  to  about 1 Cat* above t i m  j e t *  ©5 mm 
opened end 11 c lo t . 1, and the  ex made pha&e Ktm^i o w r  in to  
teie 12^ 1 1 * a l t  £>PS 13 ver© eloeed and S4 opened, **id a drop 
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%/ere determined using a epee i f  i  a g ra v ity  b o t t le ,  ho ld ing  
about 10oe« Beth I P m i d u  were re tu rn e d  to  a ground g la ss  
etorpered dark glae® b o ttle #
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vas irrlo using the edition derived X y  t u m . m r  ana
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Cinodd erosion -of txmm roaultf», mlio rit t3m t? n itM s i
t&e caper iMcmtsaX iajt0nofifs rule Is x?p the
gu'bfit^itaeia itw e r tt im te d -  f  i m .  %mm- e je c te d  frc g i eeipp&riien.
w i t h  s i r iX a r  ©yhotariee© o f  H ihe  m i t t  r e  p r e v io u s ly
inTOPtf fitted* . Xtirtter* as a ls o  c e^et*^  the  fmXX of"'
stirftsn© iessioaa. rrith  increasing  ta « ^ fim ta ii os euro in  fell
coat©* Xtie th ra e  Tfcluee oM o lfted  a t  d i f f e r e n t  ie s ^ e ra tu re s i
f o r  th e  organic l iq u id . tea r he p lo tte d  opd e r l  re p e l a t  e& ■
to. gfirc isia idea of the eurf&ce tmriion Hot rpuld he
©reacted p. few deyr cess helc-w the m e lt in g  point* for
eoiojnripoii with the tuifasc tonoion of the ml id atnte*
hiia ia ©Imii tcspetlicr v it fc  tr.r n^lncr for y&n i n  fif * *
t e  o^xfcioncd in eeetion  it roe d i f f i c u l t  to roriOTo
t t e  la  ft;. doeaiioX f r a p  tfec ectfc&ecfcne* the  rm uXin lo r
till© e-uhsjtessee, in jm rtie s lsy  th e  l o r  ipxXup of n&y
IMiesto t!iot there mis still s ve*y mimlX mzomit of
feoftadceiincl ro rrd iiiiif * Stowe?#** since the  oetidtteaae
r e s u l ts  fellow  the gtnomX pattern of the e th er throe
subst-srices they &re of in te re s t*  open i f  tlie absolute /
pulaes axe eltpMlh inrooutetp^
Phe msul-t© fo r  carhop d ie u ljl i id o  arc included ted 
nx© cirXXur to the findings of preTious voxlvcrs# n© 
described in section / i!4s mm he attributed to 
hyuToryXio Iprctretpsio p ro ' r l s ,
Xho r e s u l t  f o r  mare har&dcc&ne* ecm parod w i t h
\lieir&dcearie aatorated with water chowo a rise of ec&io 
-A** C«ynSS cm* on l  at ax at ion* as f?3 uauaX I j  tomui on 
sa tu ra ting  tydxcaarli?.ens v i t h  w ate r (see fa r  cssaaplo *4 }« 
f i io  r e p r c d a c iM l i t y  o f  th e  re s u lts  in d ic a te  th a t  tho  
method &@ u&ed %ra$ accurate to  s tout 1 O.C>p* I t  h.m 'been 
% > h m m  1>y lo x c t a i  {3<j) th a t  m  e r r o r  o f CUEf In  measurement 
of* t!i@ equa to ria l and selected plan©' d im eter®  o f the drop 
w i l l  lead to  an e r ro r  in  ^  o f 1*4£« Clnee th e  pho tograph ic  
p la ten  were measured to  0*1^ accuracy i t  appear© l iv e ly  th a t 
th in  rscasurcsient in  th e  im ixi eouro© o f e rro r*
»#ta. s^'i^  i £**&*'*■W* ^4^:4- «&• #  4»V<rf M&. g*»
| U
X*?iJ *t* < *  f  « P * Y\  i N *  ^  r " ' . T t  T T ?  , /  r . ‘T ^ - -tif-i fh;i*h 1^'..*/ fjL £*($ H^«W|r> “ ** *™- ^  de -^L c-a ^  #
V16^
xdniix in ;d,,:-ex. fv x* e nr? err inndnoldXe
rreee nn In nixn  n  inny* dcnnex:d-n? ex t4a
t reex ^ n n z  ncxi drnxinne nd tlx i . )-■ ■ “t -■ .- X;. ; -,. w,; iv-X.- X f-.
ne* t i n  epdl d. 'Xrm nctidiincl w d‘ ii-‘
s'-i , x i : . n n u  tnnn: 1 nt i ,n n « nil. ienxixnc. tnn f In; idtcTTx.LycyU
£■: Xr KX ;Xdxg i;:tt4^ y:ai'i5.u, t m . k  1 Innx-i cdne td  C dndili ■:
| 41 ndn n i t cnnxtnd to Ten1in tb.y «ddedd-n*  
nBCnna n# dcnnnnnn t'rim;ric.
do i, neon dndd Idtn M nnnniddod tind t ay xndd idnend
i > dlle n. d * : . * n v c id th.x dnexv nine
the outdxdd ndd i n tnnatxcd .n^'dL 4*~ de-^ ■i-.i.-j d '■Jf^ps -A ivy
■ t i -  - XT' d  X » iL _ .........
/Urn®R <ad\(S>P> ^  ^sfco-P-fc.')
'tffldS&V-;in; t i n  nnxXxxn io i is d ^ u  i t  Hdnnn im d ly :0 , :  
iiddldn rt;5|?yci:iTyd:/d eniny tine irdin.xiVoXnl tcdninn
ddd, ^®din gyle's in. tlic lintunn r% u:X d,
1 ■ ■■
i'tin revolts c.dinidnd vcre in l/nan
T,;;nvnnx:m niid idonn predicted dp t z i n z K t n -
tpddn (JUj «Kxi;.n.w.cncd the! id idx '^ dcniidrXcedi untld net # ,;
t in ,  l l p d i d X ' i n  i , d r e i  in i ix  no n r c d ; nnco. k n z tn s  r e n r ! t s  n ix
nld.xdrr:.d * I r r in n n it r  • 421 e x z .4 in v d .tn iv , v i t a  i lm  innn^ e l  «. 
ISdcnxr innedxn* x.c*dnrn n l n u r :  i n n ,  l i n n  ef cnetnet ed the 
t . o iiz.ninOfc. . .;
l i t  ;:n;:.'Tlnvv/ vocd: td n  l in n id n  nuvvd tX jrrt nnnz-^r to  
Iv.n;\, dnrn  d d l n x llp  :n4n>rniei4 nr id u  r p r te d e  lined  n c r e  n e t 
i n  % % nn  c ^ i i k l n n t  n :.., done xd:nnc exp,- dnnd -nn o
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le r ih h a e d  to  f i m i  I f  c a r e f u l  u m f r y u t ic a  gave I d i i e r  r e s u l t s *  
l a  o y d s r  t f t & t  U*o r t s r i i i i f  je lg lr t  jb td d o a te  t l s t ' i r a l l f l i t y  c t  
t h e  htefrfe ty p o  o f ' $<u&t\lo» %ihmi * l$d- t o  - m l± &  ®zt*&si£c 
mixrtlitem^ th e  t® a i l . t l i t h i s a  to u r  erau riia  r a t e  t im e  as* 
viss# O ^ I h W ^ *  Ho&'fc&d&os&gf • &<3@V* ** k^o 'tod -B iph& nyX  
«the-r *ft,a | ' t r  fT h h  . • --. ■, ■ " ■
Xlm e y m tm  e o h p r ls lj^  ^ ..© rh^n ia  txt>p >n a ' ‘
water ^mSm^ ih  m i  teicy to  ©ttMy* &$'t h # f e r e  
<^  r a l ly  ossaJX. d u t / t o  %tm l&g ao5m-lbn e£ iho - o r g a n ic : •’ 
l iq u id *  f r i t t e r *  t h e  ©urfme$© a r e  a p fr i.to  e o h t t t t in a t le iu  
I t  M m  a e t r d  l y  Tozr {4^1 t h a t  : s t t im 'u  w s s -e l - c o n ta in in g ; 
t  %m liq u id s  f mi a i r  haM?X# wee released in  'tiro
lower*. i t  wm  IteXchat tho latfxfac?«# yroT ided ’at wap matte' 
t o o  X&rg©* ■ •tte  p r fh -m t v e x k  dhcwcd t h a t  ■ tli«* ayeiaht wat* 
lethble cmiy i f , t h e  -dsitarfac© ware co j!w :i apwimlSi which 
oceurecl caily y l t h  ijscto^onsmotexft* hlptecegl ©thcs?* Th$»© 
teterteiKoeis vert: t& a rc £ o re . t& tosm  f o r  th© ' s tu d y  $£ ' 
X ic p i id / i le u M /i i ir -  e o a t a c t  a i ih ite *  - - - ■ ■
nx
iiviAvz -feT'«l»s ju^ >fcCaCl. €?-» tl f^s -0 p td-C5«l3» 0 0 H
Cress tm pemtaa.t drof umnt&l--in msm
th$na©et&i y zaaintslned ut ih<g &mm tmp^mture at which 
the tensions were t nt*ui«itte& lor ijatonoff *d rule* flie 
&*3ue light source sni oa«m vere also tlaed# The 
ii *ide previouSy oi4ur&t©4 an before vere placed in 
the ceil to a h * th of Xem*.sfi4 the snsXX air tattle 
released in the Ic^ op M^M frm & Cine jtt. Xfes 
tattle ■rose to !the interface# \Xiera it woally 
told* and mu x&tttogrophed* *to holograph© were 
toveloped in a fin© gfmia developer# end a IXac 
mlaa^ csisent la^cte freru the plate on bromide papert 
thus giving a tetsl B&piiiiostim of over 400 dli^terti* 
a^n^onte vere -€&mm &t\ the points’ oi contact« fend the 
angles vith m ’protractor* They appeared
reproducible to-within 1 X°* .-.
I%--%fm irnuUetel/ noticed, that the tabble was 
not at cnee in oqulllhrliss with the interface* end tlmt 
the m etm  clrar^eti with ttoe* :. &*<& etangoi* are shown 
in XaXXe a* Tlie fin& l ehfep© cC th e tabt&e %&*e found 
to depend cai its ©ire# the pout notiee&ble n&mnz® being 
along the cxgmto Xl^ uM^ -ulr surface* ffae shape® of 
tabbies of various mtwM sr# shewn in  XiguS* • it vlll 
be noticed thatall niseis of air teM t distort the 
o r g ^ iic ^ llc u id ^ m ttr  in te r fa c e  th e  o f fo o t  in creasin g
mp -
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w ith  & i m *  this? t  i n
4u# to tk® xnpttmzmt of tl:m
w m ® *
CVifig to  'th« d iffe r e n t  r e tr a c t iv e  fsriioee o f th e  
laeSAn, tliroui#i Wtetc& th e  ll« p M  th e lim a of
eoiit&ct of-t!i© 02S&st££ llcpM «*afr Interfaces v&e always 
jM&rc"«&iat ^nslmrp. fh le  i« lt i t&» error in  te ie  saining 
fixe eagles* in the ergsftie If mil & { larger t!m» the 
other .®m>tmt tmi * wheat i  5 ° # .
US'
<r- ■
■' '-.'i ^
fa b le  3 $h,mm data fo r  v * i  ?u® equilibrium. Wfc&leo* 
.Tlw MotI.^ostteCl. a r t  T o 'r tlo o l < sent a o f the  siurfaoe  
and. intex^&ol&X ttrialcmsi ftSne aliom* a rt I t  w i l l  he oeoxi 
. i lm i  h o rto m ta X  e tn iX I lr i in : i  o f t e a . Io n  e x is te *  wS&le 
w t i i e a l  e m iIX Ilr i i ia i  4eeo r o t *  Tima * * m  t r ia n g le *  
a c o n d it io n  fo r  e r u l l l l r i u n  i i i  a l l  d i r g c t ic m  cannot ap p ly*  
mi olrrieas iasi i© tlis force due to the tagtsiru&t
o t  th e .air huhlle* M l oxproefcicsft to  a llow  fa r  il&ia
a p p a ^ x to v tc ly  l ir a  h a t ii  warhed out as fo llo w s # -’fctecurtng
the- Ijylifcle o f two fcphexiasaX TO etiona o f  d iffe r in g
r a d i i ,  one la  m e if  vld-ch la  true
f o r  in e  Iw rgw  huMXc&f' - ■
AeeuEsing th e  huhble to  1:5$ o f tiiaeo  aa chmm in  f i g *6 
th e  fcqu&t io n  v ;' : u
f  = Tt ^t y w- ^O- dl t 1 ^  m l
ra^r fas derivrt*  4 car "uppm dix  1 *.
I t  in  th erefo re  p o ee itlc  f © ;e?fleal&tc th e  upthrust 
a l  the huVole f r m  aoai>;ir<-;r-at o f - i t s  p rojected  djm m lon©
i
on the jl*rtoara|m«.
f l a r o  v^ luco  a ra  cfcdculatod a n d  i&iovn in  *&hl© 3 ,  
vlioir© i t  w i l l  ha seen that iM s  upthrust in  not -e^usX to  
tli# rrurtical. eoamonaht o f-th e  teii&iciiii* I t  ia ,  In fa c t  
s e t 5 * in  the* oans d ir e c t io n *  It w&c n o ticed ., howeimr# 
that tiie  uptln;aei: wa© cpproairm teS y equ&X to  the v e r t ic a l  
eonposiant o f  %m  in t o r f u c is l  te n s io n * as shown in  T a b le  3*
S k 
LI$
M3
<£
1 7  i>
m5/Mss im  u MMXsui t  to -that ef Iiwigmir (4S|* The 
.theoretical. o t^teatlen. to ®&%...Glmx ©4 the &&3ont* 
fha fm %  that tli# ■ upthruat has »o heri&ent&t 
'cc^ ontet.- mans that the feorieojat&l Ottg$cg)<mt& of the 
tene-loia ehould he in tcpiiihriism mud iliit in found to 
t m . tli#' oast vtihln the limits of os^ cr&iont&i error# 
i*c# the equation* ; ' •
could he uee& to c leiX&te on® of the eurf&ee or imterfueiiiX
' ■' - 4* - ^
teaeiona if- tM# vero.uoteew ted the ©thor tens ions end 
ongleo e^if kumm* %his giro® e-cssc support to the us# of 
& stellar e^n&tien ;,c f  horir<mt&I c m p te te to  § i  in .
(8}f in'order to ealeul&te eurfee© tenoiosui in
lioiiWaolicl/Mr
[ 78
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11. o r;- /  ; - - v /  r n ffp -c o  . fa ^ o
I f  a ecoalaoi o ro le  c o f u t l i c f  ii: & %ii :Uih/zcl ih/ i ,zz  
ovateoonrviBp ivuivult &-&tur*,ticn  csoetarM* and nil 
in  «o n i l J ’triMm. depends upon vh ^ th ^x  i f o  snipXe 
to onronetea er receding or crpiiXllaiup* In tho u&oe 
cu tlio ooaiXitxiidu satple tiio ppoicG nov/ to reocf wd 
korij'cm inXXp* ia  p,iTO e-am tion (£}♦
I t  |o  no t eatipr to  onoairo th a t  the  im e  e m i l l t o  ius. 
coplo la injjri rnaourod* ;:.* id. » l/ale eaoa of n liniM 
drop ob o. pinto tar tppp c€ oipplo cabt&i&ed In lr:fXuorxtd 
art only tsy til tiny tfo solid ndTfnco* Ini ty tlio notbod 
o f g u t t in g  i l ia  Ox op on too  DnrXdoso* XI t h is  |.o dono 
ol coaly toilvIre np ilia eLxep* o pol;u© roar too &r-Yo3*einrr 
miriio io  c lta ln e d f  i t  o a ie p ly  rtoiOTioy oogo o f the l io u id  
or* t /G  pip-otic? * > : : n “i . . J - n  v  2g*  r *  g*< x th«* rooeaiip - 
oiopl# In  o tto in o d *  I'Pvcereoy tsoinp aoiliod (c lo tacrllrd
•liolou} of i;KKo:joxi.r:p fho carat dot cgoIcs of sir taldlec 
t jig Gal dpoiBai too colid oorfuse-* ycpjQduciXIo raoulis 
vox© o tin lB o a  tap ctoorvtlrfci ilco  laiPPio i 'ro r i ticca to  t in s  
ua-rtil i t  ob ta ined  u connio&’r l  ro lacB  In  t i n  eacc o f the  
ravxIxo-CGxtosi# nnd dloGaciyX atloaa tno  i:or;Ieo o f t I n e d  
icaoool vith tneeo oooorTed cb Xlocllioa & namlX tcpfoxe of 
ttao s o lid  on ao-dtey*
t % 3
_ Air'PAI''!ATuB .
The apparatus co n s is ted  o f a p ie ce  o f curved g la s s , 
about 2 cms square and o f  ra d iu s  o f c u rv a tu re  10 ens. I t  
was coated on th e  unders ide w ith  th e  m elted  s o l id ,  which  
was a llow ed  to  s o l id i f y ,  and then po lished# I t  is  most 
im p o rtan t to  have a re p ro d u c ib le  s u rface  to  o b ta in  .(.ub)
re p ro d u c ib le  c o n ta c t a n g le s * . M&e.Soug&l and Ockrent^found  
th a t  p o lis h in g  su rfaces  o f o rgan ic  h o lie s  w ith  s t r ip s  
o f paper gave s a t is fa c to r y  surfaces# l o r  th is  work th e  
o rg a n ic  substance s a tu ra te d  w ith  re s p e c t to  w ate r was 
s o l id i f ie d  between two s im ila r  curved g lass  p la te s .  The 
p la te s  were p a r te d , and i f  th e  substance rem ained adhering  
to  th e  concave s id e  i t  was p o lis h e d  u n t i l  exam ination  under 
a low power m icroscope showed a smooth surface# I t  was 
p laced  concave s id e  downwards in  th e  o p t ic a l  c e l l  w ith  i t s  
a x is  In  l in e  w ith  th a t  o f th e  m icroscope and covered w ith  
w a te r , p re v io u s ly  s a tu ra te d  w ith  th e  organ ic  substance. The 
c e l l  was f ix e d  in  th e  th e rm o s ta t, and a llow ed  to  o b ta in  
tem peratu re  e q u ilib riu m #  An a i r  bubble was re le a s e d  below  
th e  o rg an ic  s u rfa c e , rose and was trapped# I t  was l e f t  
f o r  some s ix  h o u rs , when i t  was photographed, us ing  th e  
same arrangem ent as f o r  th e  pendant drops#
The c o n ta c t' angle  could  a ls o  be determ ined by  
p re p a rin g  sm all spheres o f th e  s o l id ,  f lo a t in g  them on 
w a te r and m easuring th e  angle a t  th e  s o lid  l iq u id  in te r fa c e  
as shown in  f ig #  *1 * I t  appeared th a t  th e  d e n s ity  o f  th e
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&14"-mi w m S X ly  te® .rwmXt® * 5&a «*£&t«?e8 Cut)
w i t  p r s m r s t  l^r - s t f r i r i i s g m m X ln im  csf M « a iM  -;
m &  m U t: .6 t'..& a  l i t t l e  &&&?$'tfe# s r ia s ia -  :
llqal&''S3C&t la g  "folut &$' a  <&SM tftm  j ^ r t e j
%Mm idbG&ixar in to  iw v-afctr*  ■ %%lj
w€T0 m lew psmet if feuit&toXe
l4&es4 w  Wm%®t* ' mt-x$®'%®4 v i i l i  1&® ■ orgssjaie ©ulsatm®## ’ 
ttsw «pti«s3,. g!as# tn a^iliteriuea mt -:
t tm  &HKgu&i*& sm &&d
In H i  -w m £ l m&&&®2r+ 'T M  m ^m vm  u$«d we>** -sX .
th e  oont&ot wore determined from several
ph & tog r& xh s  b y  t li©  m X u T g m m t  'te c h n iq u e  d sse rlfe e d  
In  Bastion 3 •* f h ^ r  wars reprodusffels within 1- 1°* 
4 mean value ms determined* They ‘we ihowu. in 
fa b l©  4 w ith  t Hm m & u m  o f  sp>pi ea lis*l& t© &  f r w  them* 
« !  tli© surf&se ten sio n s. o f  ih© pirns© f and
thss© are shorn in relation to 'the surface tan©!.on© of 
tlia  corresponding saturated liq u id s ' In  Flg«d» fit© 
general fern of the surface tsnsiir^ is^ sr&tupe graph 
is the asm for all four' substance#* It will ho 
soon that t h e ' m x tm e ; tension of the solid Is in nil 
m m m  shout 2"- $ donas'lower tbm that of tins, 
©©rxespcmdlng liquid at the »©m© temperature* This 
jijsy’ reasonably be attributed' to the general loos of 
ooieaegy1 on eolidlf loeilccu
\%1
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Hie mwXm in the itfi hand eoluua vere obtained 
f reia mmmiTmMmXiU tm & i < 4 air taitft&e* &si4 triote 
in the aright ted eeslam trcsi ts&^re&tetttsi 0a & 
t t o a t in g  spheres cl* trie ed ict*
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ri&i **&-Tbs£*»' fe«? 9-«r 1& ?&&'&■ i&d \t£ 'iartjV-*  *&• EV*0->y’$**■’'
a series si condition# esii. is firml&tod* 4i5e!i 
will dcicmias liict'hcp & ©ul^ terne-e ©ill olsey 
TUle Psalmist testers itsty tare;**
1J Hie £sts>t;aice m e t not ceisrfcsltt i.sip ty u rm g t groups*
£}.. tire e-ilfcstisiee smst met 4s tprdrolyaed ty  mi or*
T! ""i ‘ I /  < . t . .
rZh® ipprtsa Xiyii^ licgiii/«4x toe keen invert 1 gated*
I t  Iiao to c ii cdiom t t o t  liess:wi2 i f i  tx ie a g lo  r u le  to  not 
obeyed s t o  4  i t o  ourf&ee t  ^  * ten. fc r e se  tore 1m lioriBontssi 
€ n ill ix im ii t o t  not in  w r t i e a l  e e a ilito iu r u  I t  i s  
es;e id e re & t t o t  th© Arot1* ** a  u p i t e m t  fcwfet 4© in c lu d ed  
in  e iyreeslsig  t t o  ©guiXitojtoi o f  tin© Gyetossu 'It to o  toon  
f&mtci pm.llXo to e&Ieul&io i^ paordtotoly tto Yalae of 
iMs ps to a:;i» ©to tMs I *✓ lb© ©si found to te' fcrpr extort cly 
©auto to ilie toaasetil eoiirponost of ito lntcrfsclol totocn* 
Xto c::uct rips'sifiesre© i t o  e r g lm a llm  o f tM s  i s  mot 
c le a r  s i  i l i s  tivL± 2 tm
t . K - : M v ' - i , ' . .  .- ^ : . S s - .  - ; ,  -’ ,,< ,1  v - S  '
liis car toco energisi® to  tae four ©'itoisBcc© tovc 
4 con cylcal&ted* to !  found to  t o  &Xii?xt ly  lower ilssn t to  
eorr< * -d in g  liq u id s*  un tzXzgit t o  e j e c te d *
■ gtoso recu lts. in d ica te  tto t*  provided proper 
a tte n tio n  to  paid to  ill® ^ t ta te ie n i  of m tu a l  saciuia.li©n* 
i t o  to  en rarlap  to s t  tiic? eystcai to  one l ik e ly  to  toey 
im tonofi^s rule* * w m l i k  r  m i l  to  to r  tire surface
I V
t rn m l€ $ i of m i adr~e©XM intmvtim® he oht&lncd*
A check on the numerical value© e t  the results oht&ined 
met ©wait the icrml&iiait of an independent method of 
detoimlTiistg bxmM tmzimn$. hut it f© mhmltted that 
xmv&t® of tlie kind prmmitml hero will give at lea&t 
& rough guide to the magnitude of ike ©urfoee tension© 
of tm $  m ® r a t  m l l d u  of ttm kind s tu d ie d *
Solids w i t h  Mgh. gurfaec ienoims (metal©, Ionic 
czycts!©, etc*} will present difficulties* liowrox* 
elnee In' order for a lleuM to ©how a men two contact 
amitlo it rust h&vo a surface ton©!on greater t2mn the 
■solid* lew liquids of high aurfaoe tension are 
arolldbl© % s&ereuxy which 1© very difficult to 
obtain surf no o pirt * and m&sr show difference© in surface 
tension for different degrees of ©©ntssmim&tlcn• 
Ihrthermre, no advantage i© obtained t^ r replacing the 
air with smother H<$ild» and xteawarlng m & lm  In a 
Xiquld/li<iUid/oolM for an ©cm from d*jppendSx II
the mxly ease not involving ©or^ leie wetting of the 
solid hp the liquid© 1©
y s f l  > t f ' / f l j  X'VR
' i . e *  one 11 cull mst 5mv® a g r e a te r  eurX&co tension 
t1:am the solid*

1 ^ 3
, r . ’ ’ • . . T  ^ i
Ah&toItej th® t© its ©is# 6 *:
CcfeMer m s^salus* distsac© y ficm the irerfcicufi. «gd8 
©f tto laiyM.©* nf tMcikne^ G- distort©© s frcs tto top 
e f  to e  %aeoi© vMc& In d|g,ies@© & %©1 ©y Vm  v&ter mMttm®* 
fox©# €M (d*^)
vhcxepul© tlia dtimlto ©I* the upptsr liquid*
%’mm- m  v'm l& upper- mr?#d 8urf&ce
^  2"U  ^ (dt*.) [>1*3 ^  - rtf*.**.**.** *■• *•**»« anu IX)
CemMsx at Msmlms diets!:!©© y t e  tlie irexilesfi m&u of 
ill© tohtle* of iMckaees dy# dtot&sie© is fw  Urn hotter* 
of th© MbhX© Ykicfii tM dist&&&© 1 from ill© Xci^ sX of 
the fculk of tli® i w  XttpM*
Xesre* on snmiXu* *• ^ ^  £OhcI )pu3 - p3 .^ 
vhero p l is ilia mmuli^ of the Icwer Xi4*M* 
fore© on Xowr mrt?^d -t&'arf&co
^^XTI^ £Ond)pus - (4 1 ^Qpz.^^^
hjaiYXd le ro e  = C3L) *■ (1 ) -  1? 
f  -  ['hpu3+c(flu3 - (Z0/.+ w J i j .
r c W  - Y l ~  C zll,i  Cy ^ Y * 0 ^  •
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